This paper is devoted to the methods of preparation of the synthetic carbon adsorbents by carbonization of different polymer precursors and the research into the structural and surface properties of the obtained carbon adsorbents. The paper describes the research into the preparation of active carbons by carbonization of: polysufonated cation-exchanged resin, polyvinyl chloride and porous copolymer (4,4-diphenyl sulfone dimethacrylate). The carbonization of polymers was carried out in inactive atmosphere under the supervised conditions. The spherical shape of grains is a result of carbonization. The obtained carbon adsorbents were subjected to additional modification processes, i.e. hydrothermal activation in steam atmosphere, oxidation with nitric acid (6M HNO 3 ) and heated in hydrogen (H 2 ) atmosphere. The adsorption from aqueous solutions of the chosen organic compounds on the modified synthetic active carbons, the adsorption of organic compounds in relation to water as well as structural characteristics of carbon adsorbents are discussed in this paper. The interaction of the organic substances and the synthetic active carbons in aqueous solutions depends on the structural properties of carbons (volume of micro-and meso-pores, distribution of pore sizes, specific surface area) and their chemical properties (i.e. concentration of functional oxygen groups, presence of mineral admixtures).
INTRODUCTION
Carbon adsorbents that are the adsorbents constituting carbonized materials or natural charcoal material have been known since the ancient times and have been applied by people for various purposes. The first case of application of carbon adsorbents found in literature, was its application as a substance disinfecting wounds, it was performed by Heraclites, still before Christ. Next, the carbon adsorbent was applied as a discolouring agent in manufacturing different products e.g. sugar, pure water etc. For many years scientists have tried to get to know the structure and properties of the coal adsorbents, but not all the new properties of coal adsorbents or their technical utilization have been discovered in different fields of science [1, 2] .
Among the existing porous materials the most important position was occupied by active carbon, or substances in which the main component is carbon (containing from 60 to 95% of C), and which possess from a few to several thousand of very advanced surface structure (in m 2 /g). Therefore the porous structure can be developed.
Carbon adsorbents are characterized by non-polar properties and non-specific interaction with the adsorbed substances, which could be useful in various adsorption techniques. The adsorption capacities of active carbons are the function of micro-porous structure and various functional groups which are present on their surface. Common active carbons used for organic substance traces enrichment have the specific surface area of the range 100-1200 m 2 /g, whereby micro-pores constitute about 70% of the surface. Active carbons strongly adsorb hydrocarbons, particularly the aromatic ones and halogen derivative compounds.
There are carbon adsorbents of very large specific surface areas (e.g., over 2000 m 2 /g) and very well-developed micro-porous structure as well as nonporous carbon adsorbents, i.e., graphitized carbon black Carbopack F with the surface smaller than several m 2 /g. This makes it possible to prepare carbon adsorbents which theoretically could be used for the analysis of, e.g., very volatile, poorly adsorbed substances (stable gases, freons) and, on the other hand, of strongly polar substances (e.g., aldehydes, ketones, carboxylic acids) and inorganic ions, especially heavy metal ions. Functional groups, especially oxygen-containing functionalities, and delocalized electrons in the graphitic structure determine the chemical behavior of carbon surface [3, 4] . Owing to the amphoteric character of carbon surface, the surface properties may be influenced by pH of the liquid medium. Radovic et al. [5] have studied the effect of surface groups on the adsorption of aromatic compounds from solution. They concluded that oxidation of the carbon surface diminishes the Π-electron density in the graphene layers ( Figure 1 ) and thus reduces the carbon dispersive adsorption potential. On the other hand, the removal of the oxygen-containing groups, the electronwithdrawing groups, causes an increase in the Π-electron density and thus an increase in the adsorption potential caused by dispersive interactions (Figure 2 ). Among numerous materials applied in adsorption, synthetic carbon adsorbents are of special interest because of their chemical inertness, regulated texture and surface chemistry, high degree of purity, high thermal stability in an inert atmosphere, good electrical conductivity, hardness and resistance to corrosion [1, 2] . Active carbons usually have a complicated porous structure and complex chemistry of the surface [6] .
EXPERIMENTAL ANDd RESULTS
The methods of preparation and structural properties of synthetic carbon adsorbents: At the beginning, carbonaceous adsorbents were produced in the process of burning wood. Usually, active carbons prepared from natural raw materials have higher ash contents in comparison with those prepared from synthetic materials e.g. polymers, which are almost without ash and possess higher mechanical resistance to crushing and abrasion. Among numerous materials applied in the processes of adsorption, synthetic carbon adsorbents are of greatest interest due to their unique characteristics such as high thermal stability and chemical inertness as well as regulated porosity and surface chemistry [7, 8] . Adsorption properties of active carbon are affected by the chemical structure of its surface. This is required in the majority of cases during the practical application of active carbons, in order to develop as many narrow pores in adsorbents (called micro-porous) [9] as possible.
According to the IUPAC classification [10] , micro-pores are pores not larger than 2 nm, whereas meso-and macro-pores have a diameter larger than 2 nm. The presence of micro-pores in the adsorbent considerably changes its properties of adsorption. The superposition of powers of the adsorption fields -generated on the opposite walls of micro-pores -leads to an important increase in the potential of adsorption inside them [11] . In consequence, the value of adsorption in micro-pores is considerably higher than that in meso-pores [12] . Usually, the adsorption in macro-pores is so small in comparison with the adsorption in micro-and meso-pores [12] , it can be neglected.
Micro-pores also determine additional inhomogeneity of the energy of adsorbents [13] [14] [15] . Even micro-pores of the same size are not of the same energy for small part adsorbate. This inhomogeneity of energy increases in the case when the adsorbents possess micro-pores of different sizes. Detailed characterization of active carbon requires determination of complete function of pore distribution, depending on their size and taking into consideration the partition of micro-, meso-and macro-pores, as well as the quantitative analysis of functional groups present on the carbon surface. Active carbon adsorption properties are affected by the chemical structure of its surface (Figures 1 and 2) . The surface character is also determined by kind, amount and way of incorporation of various hetero-atoms (i.e. oxidation in aqueous solution or under thermal conditions) such as oxygen, hydrogen, nitrogen, sulfur, chlorine and other atoms bonded with the carbon.
Synthetic active carbon has non-specific or poorly specific adsorption properties (depending on purity) with a well-developed porous structure formed mainly by micro-and meso-pores of various diameters. A well-developed specific surface area (up to 1000 m 2 /g or even larger) contributes to their high adsorption capacity.
Nitrogen adsorption: In the study of the textural characteristics of carbons, low-temperature (77 K) nitrogen adsorption-desorption isotherms were recorded. A Micromeritics ASAP 2405N adsorption analyzer was used. The specific surface area (S BET, Tables 1-3) was calculated according to the standard BET method [17, 18] . The total pore volume V p was evaluated by converting the volume of nitrogen adsorbed at p/p 0 = 0.98 (p and p 0 denote the equilibrium pressure and the saturation pressure of nitrogen at 77 K, respectively) to the volume of liquid nitrogen per gram of adsorbents. The structural characteristics of narrow pores were calculated using the Dubinin-Astakhov method [19] .
Preparation of synthetic carbon adsorbents by the carbonization of cationexchanged resins (Carbon Adsorbents type SCA):
The spherical carbon adsorbents were obtained by carbonization of polysufonated cation-exchanged resin containing various amounts of the sulfonic group on its surface ( Table 1) . As a secondary process, steam activation of the carbons obtained was used, which created the possibility of forming adsorbents with the desired surface area and pore structure. In some activation processes a cation catalyst was used. The head treatment and/or partial activation in the temperature range 873-1173 K caused burning of 10-70 % of the initial weight of the carbon adsorbents which led to the formation of an active carbon adsorbent with the surface area of 400-1100 m 2 /g [19] . The carbonization process was performed in a quartz fluid reactor, constructed and designed in the Institute of Chemistry, Maria Curie-Skłodowska University, Lublin (Poland) [13, 14] . About 10 g of resin were placed in a reactor in nitrogen or nitrogen-hydrogen atmosphere. The carbonization process was performed within the determined temperature increase. The temperature rise was reached at a constant heating rate of 3 K/min up to 1073 K, and then the adsorbent was heated at this temperature for 4 h, and after reaching the carbonization temperature the adsorbent was cooled in nitrogen atmosphere.
Next, the activation process with the steam was performed in a vertical thermobalance at 973-1173 K. A sample of synthetic carbon (2-10 g), placed in stainless steel basket, was introduced into a uniform heating zone of the reactor. The temperature rise to that of activation was reached at a constant heating rate of 10 K/min in argon atmosphere, used in order to prevent sample oxidation. After reaching the activation temperature, argon flowing through the bottom of the reactor tube was replaced by steam from the preheated water vapor, and the mass loss of the sample obtained due to the activation process was continuously registered by means of the thermobalance recorder. After the activation process, the flow of steam was cut off and the reactor was cooled down to room temperature under argon flow.
Some carbon adsorbents were impregnated before the activation with Ca ion (from Ca(CH 3 COO) 2 ) (2% Ca per 1 g of C). Surface and structural properties of the obtained synthetic carbon adsorbents are presented in Tables 1 and 2 . The obtained adsorbents were used the adsorption of various volatile organic compounds from air or from aqueous solution by the dynamic head space technique, and then the adsorbed compounds were recovered directly by column thermodesorption (on-line) in order to be determined by gas chromatography technique (GC) [19] . For some of the studied compounds, the test of adsorbent effectiveness in removing chlorinated compounds (i.e. trihalomethanes THM and chlorophenols) from aqueous solution was performed, using solid phase extraction (SPE) [19] .
Preparation of synthetic carbon adsorbents by the carbonization of polyvinyl chloride resin: (Carbon Adsorbents PCV type): Other types of the synthetic carbon adsorbent were obtained in the process of carbonization of polyvinyl chloride at 873 K, in the nitrogen stream (Ads. PCV-1). Before carbonization to part of the PCV polymer the mixture of catalysts: NH 4 Cl, FeCl 3 , ZnCl 2 [20] was added (carbon adsorbent PCV-3). The specific surface area of the carbon PCV-1 was: S BET = 6.2 m 2 /g, the pore volume V p = 0.007 cm 3 /g, the average pore size R=46 Å . The adsorbent (PCV-1) did not contain micropores [20] .
The specific surface area of the carbon PCV-3 was S BET = 368 m 2 /g, the micro-pore surface S mi = 269 m 2 /g, the pore volume V p = 0.26 cm 3 /g, the average pore size R=22 Å [20] . The carbon PCV-3 was used for preparation of the analyzed samples, i.e. concentration of analytes and purification from impurities before its further analysis [21] [22] [23] .
The synthetic carbon adsorbent, prepared in the way presented above, was used for preparation of the SPME fibers, covered with carbon. These SPME fibers were applied for the analysis of some volatile organic compounds from its aqueous matrix, with the application of head space analysis (HSA). SPME fibers were applied to the sample preparation of volatile analytes from the air matrix, too [21] [22] [23] . 
Preparation of synthetic carbon adsorbents by carbonization of 4,4-diphenyl sulfone dimethacrylate: (Carbon Adsorbents M6P type):
The research into the preparation of active carbons by carbonization of porous copolymer (4,4-diphenyl sulfone dimethacrylate) (DPS DM) has been described in papers [21, 24] . The carbonization of polymers was carried out in inactive atmosphere (N 2 ) under the supervised conditions. A spherical shape of grains results from carbonization ( Figure 5) . Some of the obtained carbon adsorbents were oxidized with nitric acid (6M HNO 3 ) and heated in hydrogen (H 2 ) atmosphere, as an additional process of the structural and surface modification processes.
The initial active carbon (M6P) was prepared by carbonization of pure polymers (4,4-diphenyl sulfone dimethacrylate) [21, 22, 25] . Carbonization of polymers was carried out in the fluidal reactor at 873 K heating the oven with the rate 10 K/min in the inert atmosphere (in the nitrogen stream). The obtained carbon adsorbents were washed away from the inorganic catalysts and subjected to the additional modification: active carbon surface was oxidized using nitric acid (initial active carbon M6P was flooded with 6M HNO 3 solution and boiled under the reflux condenser for 1 h -adsorbent M6P-1) ( Table 3) .
Another portion of carbon (M6P) was heated in the hydrogen atmosphere (1073 K for 3 h -adsorbent M6P-2). The carbon was washed with distilled water till the neutral reaction was reached and dried at 473 K. The structural properties of the obtained carbon adsorbents are presented in Table 3 [22] .
The synthetic active carbons prepared in this way were applied to the adsorption from aqueous solutions of the chosen organic compounds. The interaction of the organic substances and the synthetic active carbons in aqueous solutions depends on the structural properties of carbons (volume of micro-and meso-pores, distribution of pore sizes, specific surface area). Chemical properties (i.e. concentration of functional oxygen groups, presence of mineral admixtures) have been studied [21, 24] .
Tab. 3. The characteristics of the porous structure of synthetic carbon adsorbents [24, 26] . Some processes of carbonization of synthetic copolymers 4,4-diphenyl sulfone dimethacrylate (DPS DM) were proceeded in the presence of iron salts (Fe(NO 3 ) 3 or FeCl 3 ) as catalysts. [24, 26] .
The synthetic carbon adsorbents after the carbonization process have a spherical shape of grains, a high specific surface area and good sorption and mechanical properties ( Figure 5 ). The structural characteristics were examined using the nitrogen, phenol and naphthalene adsorption from gas and liquid phases ( Table 3 ). The study presented in paper [24, 26] analyzed the interaction of organic substances with the synthesized carbons in the aqueous medium depending on the texture of the adsorbents (volume of micro and meso-pores, pore size distribution, specific surface area) and the chemical properties (concentrations of functional oxygen-containing groups and mineral admixtures). 
CONCLUSIONS
Among numerous materials applied in adsorption, synthetic carbon adsorbents are of special interest because of their chemical inertness, regulated texture and surface chemistry, a high degree of purity, high thermal stability in inert atmosphere, good electrical conductivity, hardness and resistance to corrosion [1, 2] . Several factors such as temperature, pH, salinity, and concentrations of solutes affect the adsorption equilibrium on synthetic carbon adsorbents. Ode et al. [27] suggested that functionalities with the acidic character are responsible for an increase in the adsorption of more polar organic compounds. Asakawa and Ogino [28, 29] showed that both the pores volume, the specific surface area, and the surface polarity of the modified graphite soot influence the phenol adsorption.
The carbon adsorbents enriched in the polar functional groups are characterized by diminished adsorption of phenol from the aqueous solution, because of the competitive adsorption of phenol and water molecules. As activated carbons have a high adsorption capacity for the organic compounds, they are frequently used to remove organics from aqueous media [30] . Interfacial water affects the surface chemistry. The functional groups on the activated carbons play a role in both the electrostatic and dispersive interactions. Therefore, the aim of this paper was to present the methods of preparing different kinds of synthetic carbon adsorbents by carbonization of different type of polymers and to examine the properties of these materials in the adsorption processes from gas matrix (low temperature nitrogen adsorption) and liquid medium (phenol and naphthalene adsorption) media.
